Biscuits are one of the most consumed bakery products eaten by everyone. Purple rice contains much higher levels of antioxidants, vitamins, and minerals such as iron and zinc compared to wheat. e aim of this work was to produce a protein-rich biscuit made from purple rice our and defatted green-lipped mussel powder (Perna canaliculus) (0-20%) blended with ginger and galangal spices at 4% for each spice. e objective was to produce an inexpensive, balanced, healthy snack product containing increased levels of protein and antioxidants from the mussel powder and to investigate the consumer preferences of these biscuits using the four di erent ethnic groups ( ai, Chinese, Caucasian, and Paci c Islanders) living in New Zealand. e addition of the mussel powder increased the crude protein content by 43% and the protein digestibility by 21% at the highest level of inclusion. e addition of mussel powder signi cantly (p < 0.05) increased the hardness of biscuits while making small increases in the browning index of the cooked biscuit. e phenolic contents and antioxidant activities (DPPH and ABTS) were signi cantly (p < 0.05) increased as additional amounts of mussel powder were incorporated into the biscuit mix, resulting in a reduction in the total starch contents. e addition of 10% mussel powder to the control biscuit mix was accepted by all the ethnic groups. Overall, the Paci c Islanders showed a higher appreciation for all the attributes tested.
Introduction
Biscuits are a ubiquitous snack food that many people are unable to resist eating because they are readily available, are bite-sized, are a ordable, and have a long shelf-life. As a result, biscuits are highly favored bakery items [1] . ey cannot, however, be regarded as a healthy snack food because they usually contain high levels of easily digested carbohydrates and fats, generally low levels of ber, and only modest levels of protein as they are usually made from our, butter, and sugar [2] . Recent trends suggest that people are aware of the food they consume and they are also aware of bene ts of consuming nutritious biscuits [3] .
e development of a high-protein-containing biscuit is a worthwhile challenge when considering the overall nutritional status of underprivileged sections of the population.
In considering the development of a new product, it is important to use locally sourced ingredients and spices whose tastes are appreciated by each ethnic group the products are intended for [3] . Commercial green-lipped mussels (Perna canaliculus) are popular as raw materials and dietary supplements because they contain high protein levels, omega-3 fatty acids, iodine, and carbohydrates [4] . In addition, mussels contain proteins, peptides, and amino acids which are bioactive compounds. ese have di erent bioactivities such as antimicrobial mussel peptides or anti-in ammatory, antiarthritic, and anticancer agents [4, 5] . ere has been little research on the use of mussel powders in food products. e manufacture of glutenfree pasta mixed with di erent levels of green-lipped mussel powder has been studied by Vijaykrishnaraj et al. [6] and later by Vijaykrishnaraj et al. [7] who made gluten-free bread enriched with di erent levels of green mussel protein hydrolysates.
Defatted green-lipped mussel powder is a by-product following the extraction of most of the oil fraction. It still contains some fat, but much less than that in the original powder. However, the addition of mussel powder to various food products has a number of problems associated with the processing and shelf-life of the final products [8] .
Researchers have recently become interested in functional foods containing antioxidants due to the health-promoting activities of these compounds [9] . Antioxidants are mostly used to preserve food products by extending their shelf-life [1] . Purple rice (Oryza sativa L.) is reported to contain higher levels of antioxidants than white rice [10] . Purple rice is an economically important rice species, so it is preferred for the preparation of snacks and desserts. In addition, it has many nutritional benefits as it contains more protein, vitamins, and minerals than white rice [10] .
Spices have been used in Asian cooking for thousands of years. Traditionally, spices, such as ginger, garlic, clove, and turmeric, were added to foods to reduce the level of microorganisms, but it is now becoming clear that these spices also have important antioxidant properties and can slow down color degradation in cooked products. Spices can extend the shelf-life by slowing lipid oxidation [11] . Ginger (Zingiber officinale Roscoe) and its derivatives contain major pungent and active compounds and have a high antioxidant activity (DPPH assay) [12] . Galangal (Alpinia galanga), a member of the ginger family, is an aromatic spice that is widely used in Southeast Asia [11] . One of the most interesting properties of galangal is its effect on lipid oxidation in fish muscle systems [13] . e benefits from biscuits on human health depend on their ingredients [14] . In spite of the benefits from spices, the impact on health of people consuming high amounts of wheatpurple rice flour mixed with mussel powder remains unstudied and requires clarification. e aim of this study was to investigate formulations for a series of biscuits using novel ingredients, including purple rice flour, mussel powder, and spices (ginger and galangal).
e aim was to produce a balanced, low-cost, and healthy snack product. Considering the potential health benefits of purple rice and mussel powder and the increasing consumption of healthy food, the objective of the present study was to prepare nutritious biscuits to deliver a nutritious and healthy product. It is important, however, to understand the response of different ethnic groups to this new product.
Materials and Methods

Raw Materials.
e ingredients used were plain wheat flour (Pams Products Ltd., NZ), purple rice distributed by the Big T Supermarket in New Zealand, butter (Dairyworks, NZ), caster sugar (Pams Products Ltd., NZ), baking powder (Edmonds Limited, NZ), salt (Pams Products Ltd., NZ), whole egg (Pams Products Ltd., NZ), vanilla extract (Pams Products Ltd., NZ), xanthan gum (Lotus foods Pty Ltd., Australia), honey (Airborne Honey Limited, NZ), ginger (Zingiber officinale) and galangal (Alpinia galanga) powders, imported by Sunson gifts and the Asian food market, and defatted green-lipped mussel powder (Perna canaliculus) (containing 61.50% protein, 16.70% carbohydrate, 8.89% fat, and 8.46% ash) provided by Aroma New Zealand Limited, Christchurch, NZ. e experimental biscuits were prepared by the addition of defatted green-lipped mussel powder at levels of 0%, 10%, 15%, and 20% of the total flour weight.
Preparation of the Biscuits.
e control biscuits were made from a 50 : 50 blend of wheat flour and purple rice flour milled using the Whisper Mill (Grote Molen Inc., USA). e ingredients are shown in Table 1 . Mussel powder was blended with mixed flour at 0-20% based on the dry weight of the flour.
e biscuit dough was rolled out to a thickness of 10 mm, using a rolling pin, and then cut into rounds using a 5 cm diameter biscuit cutter. e cut biscuits were baked at 170°C for 8 min and cooled at room temperature for 20 min. e biscuits were stored in sealed plastic bags at −20°C until further analysis could commence. Physical analysis was carried out on the freshly baked biscuits, while chemical analysis was carried out on the ground samples.
Proximate Analysis.
Proximate analysis, including crude protein (%N × 6.25) using the Dumas method by rapid Max N exceed ® (Elementar, Hanau, Germany), crude fat, and ash, was determined using the AOAC methods 920.177, 920.176, and 900.029, respectively [15] . e moisture content was determined using a drying oven at 105°C for 18 h. e total starch content was determined using the Megazyme starch assay kit (Megazyme International Ireland Ltd., Wicklow, Ireland) approved method 76-13 [16] . Total dietary fiber (TDF) was determined using a total dietary fiber assay kit (Sigma-Aldrich, MO, USA). All proximate composition measurements were conducted in triplicate.
In Vitro Protein
Digestibility. In vitro protein digestibility of the biscuits was assessed according to the method of Akeson and Stahmann [17] . e protein digestion method used a twostep hydrolysis to stimulate continuous gastric and pancreatic digestion in humans using pepsin from the porcine gastric mucosa (Sigma Aldrich, USA; 66 units/mg protein) and pancreatin from a porcine pancreas (AppliChem Chemica Synthesis, Germany; 30.315 units/mg protein). e solutions were then centrifuged at 1600 ×g for 10 min. e supernatants 
In Vitro Starch
Digestibility. e digestion involved a simulated gastric digestion followed by a small intestine digestion using the method from Monro et al. [18] . Briefly, a 10% pepsin (porcine, Sigma, P 7000; 800-2,500 U/mL) solution in 0.05 M HCl was added to the sample solutions to digest for 30 min to accomplish gastric digestion. Starch digestion was then commenced with the addition of 5 mL of 2.5% pancreatin (EC: 232-468-9; activity: 30315 FIP-U/g; AppliChem GmbH, Darmstadt, Germany) in 0.1 M sodium maleate buffer (pH 6). Triplicate samples were taken for each time interval (0, 20, 60, and 120 min) after adding the pancreatin solution.
e digested samples were then centrifuged at 180 ×g for 5 min. e absorbance of the supernatant was read at 530 nm (V-1200 spectrophotometer; Global Science, Auckland, New Zealand).
Physical Characteristics.
e textural properties of the biscuits were measured using a texture analyzer (TA-XT2i; Stable Micro Systems, Godalming, UK) equipped with a 30 kg load cell. e hardness of the freshly baked biscuits was measured by the cutting force, using a small three-point bending test rig with a sharp-blade cutting probe [2] . e first peak force was recorded as the hardness force in N. All measurements were repeated six times.
Biscuit quality was assessed by measuring the width, thickness, and biscuit spread ratio (width/thickness) (AACC method 10-50.05) [19] .
is method is also useful in assessing the quality of the flour and other ingredients that can affect the biscuit shape (AACC method 10-50D) [19, 20] . All measurements were repeated six times.
e Minolta Chroma Meter CR-410 (Konica Minolta, Japan) was used to measure the color of the rice flour samples.
e color was expressed using the L * a * b * CIE system [21] . According to Ruangchakpet and Sajjaanantakul [22] , the browning index was calculated using the following equation:
where x is (a * + 1.75L * )/(5.645L * + a * − 0.3012b * ). All measurements were repeated six times.
Extraction and Determination of the Samples for Antioxidant Analysis.
Sample extraction was performed using a method adapted from Jang and Xu [23] . One gram of each sample was transferred into a test tube before adding 10 mL methanol acidified with 1.2 M HCl (50 : 50, v/v) and then vortexed for 30 s.
e tubes were capped and placed in a water bath at 60°C for 1.5 h. e test tubes were mixed by vortexing twice during the incubation and then centrifuged at 4500 ×g for 10 min. e extracts were kept at −20°C until further analysis could commence. e total phenolic content was analyzed by a Folin-Ciocalteu assay adapted from Kaneda et al. [24] . e method of Zhishen et al. [25] was used to analyze total flavonoid contents. e anthocyanin content analysis was determined using the method of Hosseinian et al. [26] . e determinations were carried out in triplicate.
Antioxidant Activities (DPPH and ABTS Assays).
e DPPH (2,2-diphenyl-2-picrylhydrazyl) radical scavenging activity of the samples was tested according to the method of Mahakunakorn et al. [27] .
e ABTS [2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] radical cation scavenging activity was performed using Re et al.'s method [28] . All determinations were conducted in triplicate.
Sensory Analysis.
Students and staff members from the university campus were invited to participate in the full taste test. e sensory evaluation protocol was approved by the Lincoln University Human Ethics Committee (2017-24). Consumer focus groups used people from the four ethnic groups:
ai, Chinese, Caucasian, and Pacific Islanders. ere were between 36 and 37 semitrained people in each ethnic group (in total, there were 60 males and 85 females ranging from 19 to 50 years).
e participants were asked to use a seven-point hedonic scale to rate their degree of liking (1 � dislike extremely; 4 � neither like nor dislike; and 7 � like extremely) [29] . e samples were presented at room temperature in clear plastic cups labeled with three-digit random numbers. e order of the presentation of the samples was randomized. e samples were served one day after baking.
Statistical Analysis.
e data collected from all experimental sections were statistically analyzed by one-or two-way ANOVA using a complete randomized design and using a randomized complete block design for sensory evaluation. e data means were analyzed using Duncan's multiple range test for a multicomparison of means. A bivariate correlation matrix of data was analyzed using Pearson's correlation coefficient. e statistical significance was declared at p < 0.05. Each of the experimental sections was carried out in triplicate. All statistical analyses were carried out by using the SPSS Statistics (v. 22.0; SPSS Inc., Chicago, IL, USA). e least significant differences (LSDs) were calculated to compare the means at the 95% level (p < 0.05) using Minitab (v. 17; Minitab Inc., State College, PA, USA). Table 2 shows the proximate composition of the fortified biscuits containing different amounts of mussel powder. e enriched biscuits contained increased qualities of protein and total dietary fiber (TDF) when compared to the control biscuits. e moisture contents of the biscuits ranged from 5.3-6.5%; 10% is suggested as the upper limit needed for the biscuits to prevent spoilage by microorganisms and to increase the shelf-life [30] .
Results and Discussion
Basic Composition of the Biscuits.
e moisture contents of all biscuits were below this level. e water released from the biscuit matrix was altered by the mussel powder and spice supplementations due to their higher contents of saccharides in fortified biscuits than the control biscuits. Increasing the fiber contents resulted in higher water absorption capacities of the fortified biscuits [31] . erefore, the final moisture content of the 20% mussel powder biscuit had a significantly higher moisture content compared to the other biscuits. e acceptable moisture content in freshly baked biscuits is normally less than 5% [31] ; however, the acceptance of the experimental biscuits was tested by different ethnic groups using a taste test.
e fortified biscuit with 20% mussel powder had the highest crude protein (11.29%) content compared to the control (7.9%).
e green-lipped mussel powder has a quantity of protein content around 49.5% [6, 32] . Normally, biscuits have low protein content, in the region of 4.0% [33] . Sozer et al. [21] reported that wheat flour contains gluten protein, which contains approximately 14% protein. Moreover, Kaneda et al. [24] stated that protein contents of purple rice flour ranged between 9 and 13%, and this depends on the cultivars evaluated. Such an increase comes from the fact that wheat-purple rice flour that was used for baking as a control also contains some protein contents. Furthermore, the incorporation of mussel powder increased the protein content of these products to more than that found in most commercial products [6] .
e biscuits enriched with mussel powder contained significantly higher amounts of digestible protein (80.9%) in comparison to the control sample (69.1%). e data obtained by Abdel-Aal [34] and Vitali et al. [14] showed that in vitro protein digestibility of wheat-based biscuits ranged from 44.3% to 68.9%, which was lower than that in this study. Vitali et al. [14] stated that the baking process did not cause any rise in protein digestibility since there was no significant difference in the available protein between the dough and biscuit samples. In contrast, Sumczynski et al. [35] reported that the baking process could increase the protein digestibility by inactivating proteinase inhibitors. Lima et al. [36] stated that pigmented rice such as purple rice has contributed to increased protein digestibility (75.33%). In addition, ginger and galangal have been recognized as functional ingredients, which can improve digestive capacity [11] . Biscuits containing mussel powder showed a direct increase in protein digestibility following increased additions of mussel powder. Nørgaard et al. [37] confirmed that the addition of mussel protein in the diet of pigs increased the overall digestibility of protein in the diet.
e fortified mussel powder biscuits showed significantly (p < 0.05) higher fat and ash contents than the control biscuits. Short-dough biscuits commonly sold in shops normally contain high fat contents in the excess of 20.0% [33] . Vijaykrishnaraj et al. [6] reported that green-lipped mussel powder contained 2.7% ash. Ginger and galangal also contain 2.6% ash. e addition of mussel powder and spices in the biscuits increased the ash content compared to the control biscuits. Following the incorporation of mussel powder, total starch content of the mussel powder biscuits significantly decreased (p < 0.05) compared to the control biscuits.
Biscuit products primarily consist of starch from wheatpurple rice flour and some mussel polysaccharides; therefore, the determination of functionality of the starch is very important to understand. e predicted glycemic response of each biscuit can be measured by determining the area under the curve (AUC) for the digested starch at 2 h (Table 2 ). e AUC of the control biscuit gave the highest response, while the biscuit enriched with 20% mussel powder gave the lowest value. An obvious reduction in the AUC of the fortified biscuits compared to the control indicated the lower release of carbohydrates in the enhanced mussel powder biscuits. e lower digestibility of biscuits incorporated with increasing levels of mussel powder together with the inclusion of spices might be attributed to their higher dietary fiber (DF) and resistant starch contents because the DF can reduce the digestibility of starch granules [38] . Moreover, polyphenols have been shown to be inhibitors of α-amylase as they reduced both the activity of the digestive enzymes and the in vitro starch digestibility [39] .
e total dietary fiber (TDF) content of various varieties of purple rice and wheat varies between 3.0 and 15.5% and 2.0 and 14.0%, respectively [40] . Ginger and galangal also contain up to 11% TDF. erefore, protein contents from wheat, purple rice, and spices are responsible for the increased Journal of Food Quality level of TDF of the fortified biscuits. Foschia et al. [41] reported that the consumption of the cereal dietary fiber might reduce the risk of cardiovascular disease, intestinal regulation, high intestinal glucose level, and forms of colorectal cancer. Basically, increasing the level of the mussel powder from 10 to 20% resulted in a significant (p < 0.05) increase in the level of protein, ash, and TDF, with the 20% mussel powder biscuit having the highest nutritional values with low carbohydrate levels. Mussel adhesive proteins consisted of rod-like collagenous fibrils, which are of type 1 collagen that may affect the TDF content [6] . erefore, all biscuits in this study containing TDF of 12.96-28.59% can be claimed to be "high fiber," according to Regulation (EC) no. 1924/2006, which requires "a claim that a food is high in fiber, and any claim likely to have the same meaning for the consumer may only be made where the product contains at least 6.0%" [41] . Foschia et al. [41] also reported that a dietary fiber intake among adults is around 18 g per day. e fiber contents of these biscuits showed that mussel powder and spices could be effectively used to enrich their TDF content without exceeding the recommended daily intake of fiber for consumers.
Physical Characteristics of the Biscuits.
Data on the texture and geometry of the biscuits are presented in Table 3 . Biscuits with the addition of mussel powder were significantly (p < 0.05) harder than the control biscuits. erefore, the amount of protein addition seemed to be important to the texture [42] . As the content of mussel powder was increased, the total dietary fiber in the biscuits also increases. It is interesting to note that increasing the mussel powder content also increased the hardness of the biscuits (Table 3 ). e increase in hardness of the 20% mussel powder biscuits was significantly higher than that of the control, at 42.4%. e biscuit matrix consisted of starch and sugar in a glassy state and fat globules that were bound to starch and protein in the matrix [21] .
e substitution of mussel powder led to a decrease in the width and spread ratio of the biscuits with a significant increase in their thickness.
e highest addition of mussel powder in the biscuits (20%) had the lowest width and spread ratio and the highest thickness compared to the other three biscuit types. Larger diameter and lower thickness values were observed in the control biscuits. Biscuits with a high spread ratio are more desirable for consumers according to Sarabhai and Prabhasankar [43] .
e spread ratios of the fortified biscuits were lower than those in the controls, where spread ratio values of 6.0 have been reported in purple wheat biscuits [9] . Many studies have reported that the width and spread ratio of biscuits decreased with increasing fiber substitution and rice flour incorporation [44, 45] . e addition of mussel powder at different levels changed the quality of the product in terms of the texture and color parameters [6] .
Color parameters are essential for consumers, who either purchase or select to consume food products, including biscuits, on the basis of their color [42] . e color developed during the baking stage can be used to determine the final stage of the baking process. When analyzing the color parameters of the biscuits (Table 3) , it was observed that the addition of mussel powder to the biscuits resulted in significant differences (p < 0.05) in the redness (a * ) of the biscuit surfaces. is is unsurprising since mussel powder is characterized by a definite green color when compared to the blended flour used. ere were no changes observed in the lightness of the biscuits, regardless of the amount of mussel powder added.
Green-lipped mussel powder contained more protein than the substituted wheat-purple rice-blended flour, and the carbohydrates in the biscuit dough came from the plain wheat flour, purple rice flour, and caster sugar. erefore, the control showed a significantly lower browning index than the other biscuits. is finding is similar to many other studies [21, 45] .
e Maillard reaction between the carbohydrates and amino acids was the main factor that changed the color of biscuits in response to the baking temperature and time [42] . Moreover, high browning index values have also been found in bakery products enriched with spices [46] .
Antioxidant Compounds and Antioxidant Activities.
Purple rice is a rich source of phenolic compounds and anthocyanins, including cyanidin-3-glucoside, which is the predominant anthocyanin in pigmented rice [47] . e levels of bioactive compounds, such as total phenols, anthocyanin, and flavonoid contents, significantly increased (p < 0.05) in the mussel powder biscuits (Table 4 ) with the incorporation Journal of Food Quality 5 of increasing levels of powder. A marked difference in total phenolic compounds between the mussel biscuits and the control biscuits was found in this study. In comparison with the control biscuit, the total phenolic content among the fortified biscuits enriched with 10-20% mussel powder was significantly higher by about 45%. ese results could be the effect of the combination of antioxidant compounds derived from mussel powder and spices. Hence, Uhi [11] reported that the ginger and galangal extracts act as an effective antioxidant supplement. e highest values were observed in total phenolic compounds in the 20% mussel powder biscuits. e total phenolic compounds of the black mussel extract reported by Gorinstein et al. [48] ranged between 3.8 and 6.5 mg/kg DW using the same extraction process as in this study, while the total phenolic compounds of purple rice ranged between 492 and 2013 μg of gallic acid/g DW [48] . erefore, the increase of total phenolic content among the biscuits enriched with 10-20% mussel powder was observed due to the total phenolic compounds derived from the defatted mussel powder. e increase of anthocyanin was significantly higher (p < 0.05) in the fortified biscuits prepared with the addition of mussel powder compared to the control biscuits, in which antioxidants from purple rice and spices were similarly incorporated. e level of mussel powder addition had no influence on the anthocyanin contents of the biscuits. In general, anthocyanins are found in high amounts in purple rice [48] , but there has been no research on the anthocyanin content in mussel powder. e use of more than 10% mussel powder biscuit formulation impacted on the flavonoid content. e levels were 248.6% higher in the 20% mussel-containing biscuits when compared to the those in the control biscuits containing no mussel powder. Flavonoids can be isolated from the ginger and galangal rhizomes [11] , while the major flavonoids in purple rice grains are anthocyanins [23] . erefore, the fortification of the biscuit ingredients tended to increase the antioxidant compounds from the inclusion of mussel powder, spices, and purple rice flour into the biscuit mix compared to the control biscuits.
Due to the higher levels of bioactive compounds in the mussel biscuits, these biscuits showed (p < 0.05) a stronger antioxidant capacity, as measured by the ABTS assays, than the control biscuits (Table 4) ; but they were relatively less active when the DPPH assay was used. Stoilova et al. [12] stated that ginger extracts have a stronger DPPH activity compared to ABTS. e addition of mussel powder and baking seemed to have had a positive effect on antioxidant activities due to an increase in the Maillard reaction products, which are known for their antioxidant effects [9] .
e highest values of polyphenols from the black mussel were extracted with the combination of 50% methanol, 50% water, and 1.2 M HCl [49] , which is a similar extraction used in this study. Many researchers have clearly indicated that ginger and galangal extracts exhibited a strong scavenging effect on DPPH radicals [1, [11] [12] [13] . e ABTS scavenging activity of the biscuit extracts may, therefore, be related to the phenolic compounds present.
Sensory Preference Attributes.
Comparisons of the mean liking scores for the sensory attributes of the biscuits, as tested by the four ethnic groups, are presented in Table 5 .
e results showed that Pacific Islanders' perceived liking scores were higher than the other three ethnic groups' scores for all attributes tested. An explanation for this finding might be that the preferences towards the food were based on consumers' previous experience [50] . Pacific Islanders traditionally eat diets high in fish and shellfish products [50, 51] . e familiarity of the consumers with ingredients or types of the product consumed might be the essential factor that affected consumers' attitudes towards these biscuits [51] . Color, texture, and flavor are often considered to be the most important attributes of bakery products, and these also received high scores from the Pacific Islands group. Jantathai et al. [52] also stated that color had a significant influence on the food satisfaction of consumers. Subsequently, ai consumers gave the mussel biscuits higher liking scores in color, overall appearance, and flavor than consumers from China and Europe, probably resulting from their daily familiarity with purple rice. Biscuits are not usually a preferred choice for ai consumers; however, the texture of the products was more familiar to them than for the Caucasian consumers. When consumers eat food, they normally choose well-known products rather than less-known ones [52] . e Chinese people living in foreign countries still maintain their Chinese food habits [53] . erefore, this study can assume that the fortified biscuits were unfamiliar for the Chinese people.
e focus of the analysis of the mussel biscuits was on the color and overall appearance of the biscuits, and the biscuits with 10% mussel powder did not significantly have different liking scores compared to the control biscuits. is result Journal of Food Quality confirmed that all consumers slightly liked the color, overall acceptance, texture, oiliness, sweetness, and crunchiness of the 10% mussel powder biscuit. e sensory results showed that more than 10% mussel powder addition significantly decreased the acceptable scores because of the flavor of the mussel powder. e liking score of overall acceptability of the biscuits had a linear relationship with the addition of mussel powder. e interaction of biscuits with increasing levels of mussel powder among the four ethnic groups also showed that Pacific Islanders moderately liked the 10% mussel powder biscuit more than the other ethnic groups, who neither liked nor disliked these biscuits. Caucasians also gave higher scores for the 10% mussel powder biscuits than the other biscuits for color, overall appearance, texture, and oiliness attributes, when compared to the other ethnic groups. However, ais preferred the overall appearance and oiliness of the 15% mussel powder biscuit more than the other biscuits, and they gave a higher score than the consumers from China, Europe, and the Pacific Islands. Vijaykrishnaraj et al. [6] reported that the optimal level of green mussel powder addition in pasta was 5%, while the lowest mussel flavor was found in gluten-free bread fortified with 10% green mussel protein hydrolysates using quantitative sensory descriptive analysis [6] . e finding of this research clearly showed that the 10% mussel powder biscuit was accepted by all consumers.
Pearson's correlation between physicochemical properties and sensory evaluation of the biscuits was also undertaken (data not shown).
e texture analysis and moisture content of the biscuits were positively correlated to crunchiness and oiliness preference scores from the sensory evaluation (r � 0.58, p < 0.01 and r � 0.71, p < 0.05, resp.). Moreover, the texture liking score appeared to be negatively correlated to the width of the biscuits (r � −0.41, p < 0.05).
ere were no significant relationships between the other characteristics and sensory evaluation tests used in this study. Evaluated on seven-point hedonic scales varying from 1 � dislike extremely to 7 � like extremely.
b Probability values due to sensory evaluation of the four ethnic groups (E), products (P), and interaction effects (E × P) were obtained by two-way ANOVA (p < 0.05).
c LSD, least significant difference.
Conclusions
Green-lipped mussel powder clearly provided increased benefits from the antioxidant compounds and antioxidant activities added to the fortified biscuits, without any significant changes to the color of the biscuits. e inclusion of mussel powder from 10 to 20% in the biscuit mix also affects the antioxidant compounds, particularly total phenolics and flavonoids. However, the addition of mussel powder in wheat-purple rice biscuits significantly (p < 0.05) altered their physical characteristics such as the hardness, spread ratio, and browning index resulting from higher fiber contents compared to the control biscuits. Increasing the purple rice and spice contents results in higher nutritional values, also antioxidant properties, and texture of the fortified biscuits compared to the control biscuits. Since protein accounted for the major part of mussel powder, significant differences in flavor between the mussel powder biscuits and the control biscuits were noticeable. is study concluded that mussel powder could be incorporated as the main protein into wheat-purple rice biscuits up to a 10% level, according to its acceptable product quality as rated by the four different ethnic groups used to evaluate these products.
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